spp. are plants with proven allelopathic potential. The release of allelochemicals from Amaranthus spp. in the environment can influence seed germination, photosynthesis rate, reduce growth and, consequently, the productivity of various plant species. Among the species with allelopathic potential are Amaranthus blitoides, Amaranthus gracilis, Amaranthus hybridus, Amaranthus palmeri, Amaranthus retroflexus, Amaranthus spinosus and Amaranthus viridis, with A. retroflexus being the most studied species and A. spinosus being the species with the greatest allelopathic potential. Due to the large quantities of allelochemicals produced by Amaranthus spp. these plants stand out as future suppliers of chemical molecules for bioherbicides and semisynthetic herbicides.
Introduction
The term allelopathy was coined by Hans Molish in 1937, a concept discussed for some time, with divergence among researchers since the emergence of this science. For this reason, in 1996, the International Society of Allelopathy defined the term as any process involving secondary metabolites produced by plants, microorganisms, viruses and fungi that inluence the growth and the development of biological and agricultural systems (Allelopathy Journal 2009) .
Among the plants with proven allelopathic potential one finds several species of the genus Amaranthus, commonly known as pigweed and amaranth. The region of origin of the majority of species of this genus is Tropical America, where a large population of defined species are found as well as interspecific crossings (Kissmann and Groth 1999) , which originate through natural hybridizations (Trucker and Sauer 1958) .
The genus Amaranthus is represented by approximately 60 species (Uphof 1968 , Willis et al. 1973 , Sigh et al. 1983 , Wiersema and Leon 1999 , widely distributed in tropical, subtropical and temperate regions. At least 20 species of pigweed are important as weeds, some as ornamental plants and others are utilized as food, leaf vegetables and cereals (Kissmann and Groth 1999) .
In Brazil, circa 10 species occur as infesting plants in agroecosystems (Kissmann and Groth 1999) . According to Lorenzi (2000) and Carvalho et al. (2006) , the most common species are Amaranthus deflexus, Amaranthus hybridus var. paniculatus, Amaranthus hybridus var. patulus, Amaranthus lividus, Amaranthus retroflexus, Amaranthus spinosus and Amaranthus viridis. Other species also stand out as serious problems around the world, such as Amaranthus blitoides (Suma 2002) , Amaranthus blitum (Costea and Tardif 2007) , Amaranthus palmeri (Kendig 2009 Pigweed plants are also important as human and animal food, besides ornamentation, which have been utilized since ancient times by primitive inhabitants of Tropical and Sub-tropical America. Some species were domesticated and are being genetically improved for grain and leaf production (Suma 2002) .
Pigweeds, as grain culture, are cultivated in America, India, parts of China and South-west Siberia (Suma 2002) , while, according to Uphof (1968) , in regions of India irrigation was utilized in the cultivation of this morphotype. The grain productivity, the flavor and the nutritional value are similar to corn an other grain cultures (Suma 2002) . The commercial production in Brazil was initiated as an alternative offseason crop in no-till farming, in the hope that the grain could be utilized by the food and feed industries. The whole plant, as forrage, can be integrated with animal feed farming.
Discussion

Secondary metabolites
The metabolism of plant cells can be divided in primary and secondary. Primary metabolism is the complex of metabolic processes that perform an essential function in the plant, such as photosynthesis, respiration and transport of solutes, where the components involved in these processes are universally distributed in plants. On the other hand, secondary metabolism gives rise to compounds that are not universal, since they are not essential for all plants (Castro et al. 2005) .
There are three groups of secondary metabolites: terpenes, phenolic compounds and alkaloids. The terpenes are produced from mevalonic acid or Table 1 . Distribution of the main species of Amaranthus spp.
Scientific Name Distribution pyruvate and 3-phosphoglycerate. The phenolic components derive from shikimic acid or mevalonic acid. The alkaloids derive from de aromatic amino acids, which are derived from shikimic acid, and also from aliphatic amino acids (Castro et al., 2005) . Plant secondary metabolites are responsible for characteristics such as flavor, odor, color, and aroma, acting in the attraction of polinators and dispersion of fruits, whereas some of these components are potentially toxic to animals and microorganisms, acting as antibiotic substances, besides exhibiting allelopathic characteristic (Larcher 2000) .
Allelopathic potential of Amaranthus spp.
In Agrarian Sciences, the secondary metabolites with allelopathic potential are usually referred to as allelochemicals, however, in the literature synonymous terms are found such as allelotoxins, phytoinhibitors, phytotoxins, among others. These compounds are produced naturally by plants and their principal ecological function is the protection against insect pests and diseases (Castro et al. 2005) . In addition, the allelochemicals are an important defense for certain plants against the interference of other plants of the same or different species, which can affect their growth and development (Larcher 2000) .
When a plant with allelopathic potential is a weed species, such as the case of Amaranthus spp., it may cause problems in agricultural production, depending on the adopted management in the production area.
Allechemicals of Amaranthus spp. can influence the germination of seeds of various cultures, affect their photosynthetic rate, reduce their growth and, consequently, their productivity (Suma 2002) , as can be observed in investigations reported in the literature and described below.
The allelochemicals present in pigweed plants when released in the environment influence the germination and the growth of seedlings of various species (Gass and Bohm 1971 , Chatterji 1975 , Einhellig and Rasmussen 1978 . In field studies, residues of A. retroflexus reduced the productivity of Zea mays (corn) by 15 to 20%, while the allelochemicals present in the residue of the plant interfered in the photosynthesis, in the accumulation of leaf biomass and in grain productivity (Bhowmik and Doll 1982 . The decomposition of the residues of the aerial part of A. retroflexus and the pre-infestation of the soil diminished the growth of Nicotiana tabacum (tobacco). After transplantation of N. tabacum seedlings the interference continued for a period greater than 3-4 weeks, diminishing plant height, fresh mass, number of leaves and productivity when compared to the control non-infested culture (Lolas 1986 ). Residues of the aerial part of A. retroflexus and A. blitoides incorporated in the soil reduced the height, the production of grain and the amount of straw of Triticum aestivum (wheat) and caused reductions in the productivity of Hordeum vulgare (barley) in the order of 43 and 23%, respectively for each weed species (Qasem 1994 , Qasem 1995a .
In another experiment, the fresh matter of the following four weed plant species, A. spinosus, Cyperus rotundus (nutsedge), Echinochloa colonum (junglerice) and Imperata cylindrica (cogongrass) was incorporated in the soil in Oryza sativa (rice) culture at 0.5, 0.75 and 1.0 kg⋅m -2 . The biomass incorporated in the soil reduced the rice productivity in the following order: I. cylindrica > C. rotundus > E. colonum > A. spinosus (Gaffar et al. 1998) . Burned residues of A. viridis diminished the growth and the productivity of Pennisetum americanum (millet) (Sighal et al. 1981) .
Residues of A. palmeri incoporated in the soil inhibited the growth of carrot and onion by 68% and the phytotoxicity persisted for 11 to 16 weeks after the incoporation Connick 1987, Mengues 1987) . Residue concentration of 800 and 1600 ppm in soils severely inhibited root growth of Sorghum vulgaris (sorghum). The growth of seedlings of S. vulgaris was more drastically inhibited by leaf extracts than stem and root extracs (Mengues 1988) . A. palmeri releases allelochemicals to the environment by decomposition and volatilization of its residues. Leachable components from various parts of A. spinosus plants supplement germination and growth of seedlings of various cultures (Suma 1998, Ambika and Suma 1999) . Bradow and Connick Jr (1987) isolated allelochemicals from A. palmeri with potential to cause growth inhibition in cultivated as well as feral plants. In addition to A. palmeri other pigweed species can produce and eliminate allelochemicals from the evironment that could be absorbed by other plans as reported for Lemna minor (duckweed), S. bicolor, G. hirsutum, H. annuus, N. tabacum and H. vulgare (Gass and Bohm 1971, Ambika and Suma 1999) , while often these residues can inhibit the growth of plants of the same species or cultivated varieties as observed with Allium cepa (onion) and Daucus carota (carrot) , Mengues 1987 , Mengues 1988 .
Incorporation of dry residues of the aerial part of A. retroflexus reduced the germination of Brassica oleracea (cabbage), D. carota, Brassica oleracea var. brotrytis (caulifower) and Solanum melongena (eggplant), as well as Capsicum annuum (bellpepper), Lycopersicon lycopersici (tomato), Cucumis sativus (cucumber) and Cucurbita ovifera (squash). The inhibitory effects to transplanted C. ovifera and L. lycopersici were overcome with supplementation of nutrients (Qasem 1995a) . Residues from the aerial part of A. retroflexus reduced the germination of Helianthus annuus (sunflower) and Glycine max (soybean) by 82 and 96%, respectively (Béres and Cazinczi 2000) . In greenhouse studies, aqueous extracts of dry residues of A. retroflexus inhibited root elongation in Z. mays and the elongation of hypocotyl in G. max. The residue incorporated in the soil significantly reduced the growth of seedlings, foliage area, the weight ratio of the leaves and the assimilation of nitrogen and phosphorous in Z. mays and G. max until 28 days after planting (Bhowmik and Doll 1982 . Residues of the aerial part of A. retroflexus and A. blitoides incorporated in the soil inhibited the germination of T. aestivum, retarded the emergence and reduced the growth of H. vulgare seedlings. The inhibitory effect and the concentration of residues was dependent on the part of the plant, with roots being more sensitive than the aerial part (Qasem 1994 , Qasem 1995b ).
Extract of leaves and inflorescence of A. spinosus drastically reduced the vegetative and reproductive phases of Sinapis alba (mustard) and T. aestivum (Datta and Bandyopadhayay 1981) . Leached components of A. spinosus showed strong allelopathic effect over the growth and establishment of Parthenium hysterophorus (congress weed) (Chikkalingaiah and Mahadevappa 1998) . Leaves and whole plant extract affected the germination, production of dry matter and vigor of seedlings of Boerhaavia diffusa (hog weed or pig weed) at seven days. When applied to older plants, the effect was less harmful. Marques (1992) reported that the emergence velocity index of Gossypium hirsutum (cotton) was stimulated when small quantities of residue of A. viridis were incorporated in amended AQd soils and in LR soils without amendments. The decomposition of larger quantities of residue showed inhibitory effect on germination and growth of G. hirsutum, which were more pronounced in sandy soils. The allelopathic substances affected the absorption of nitrogen and water, promoted reduction of transpiration and affected the accumulation of dry matter by the plants. These factors were more pronounced in sandy soils, which, according to the author, further increases the management difficulties in this type of soil. Santos et al. (2001) concluded that dead crop cover of coffee and rice husks between rows of coffee plantation favored inhibition of germination or stimulation of growth of A. viridis, furthermore, dead crop cover of rice husks shows greater inhibition in the level of infestation of A. viridis than coffee husks. Dead crop cover of coffee husks favors greater stimulation to the growth of the plants and to the production of aerial part dry matter of A. viridis than rice husks. Coffee productivity increases when dead crop cover of coffee husks are applied or rice husks are incorporated in the soil. Santos et al. (2002) , concluded that aqueous extract of rice husks favors greater inhibition in velocity and percentage of emergence of slender amaranth than extract of coffee husks, furthermore, aqueous extract of coffee husks cause greater stimulation in the growth of the plant and in the production of dry matter of slender amaranth than rice husk extract. Erasmo et al. (2004) showed that species such as Crotalaria spectabilis (showy rattlebox), Sorghum bicolor (hybrid sorghum), Crotalaria ochroleuca (slender leaf rattlebox rattleweed), Mucuna aterrima (black cowitch) and Mucuna pruriens (grey cowitch), utilized as green fertilizer, significantly reduced the number and the weight of dry matter of A. spinosus and other weed plant population. Bhowmik and Doll (1982) , and Bradow and Connick (1987) reported that aqueous extracts of dry residues of A. retroflexus inhibited the elongation of the radicle in Z. mays and the elongation of the hypocotyl in G. max. Leaf and aerial part extracts of A. retroflexus promoted greater inhibition in the germination, vigor and weight of Medicago sativa (alfalfa) seedlings than root extracts (Chung et al. 1994, Chung and Miller 1995) . The inhibitor compounds present in root exhudates inhibited the root dry matter of Beta vulgaris var. altissima (sugarbeet), but increased the level of sugar in the roots (Ivashchenko 1993) .
Aqueous extracts of the aerial part of A. retroflexus strongly inhibited the germination of H. annuus and G. max (Muminoc 1990, Béres and Cazinczi 2000) . Extracts of the aerial part dry matter of A. retroflexus inhibited the germination of B. oleracea and S. melongena and reduced the dry weight of the aerial part of B. oleracea, S. melongena, D. carota and C. annuum (Qasem 1995a) . Aqueous extracts of the aerial part and roots of A. retroflexus inhibited the germination and growth of seedlings (length, weight and vigor of seedlings) of M. sativa (Chung et al. 1994, Chung and Miller 1995) . Extracts of roots, aerial part and whole plant of various pigweed species reduced the germination and growth of seedlings of S. vulgaris, Eleusine coracana (finger millet), P. americanum, G. hirsutum, Vigna radiata (green mung bean) e Vigna mungo (black mung bean) (Velu et al. 1990 ). Aqueous extracts of dry leaves of Amaranthus tricolor retarded the germination and inhibited root and aerial part growth of S. bicolor seedlings. The inhibitory effect was directly related to the concentration of the extract (Chatterji 1975, Mohnot and Soni 1979) . Aqueous extract of leaves of A. viridis inhibited the germination of seeds of P. americanum and the growth of seedlings of P. americanum and Sesamum indicum (sesame). The order of inhibition by aerial parts of seedlings of S. indicum was fruit > stem > leaf > root > seed and in seedlings of P. americanum was leaf > root > stem > seed > fruit (Sighal et al. 1981) . Extracts of roots and aerial part of A. retroflexus, A. blitoides and Amaranthus gracilis reduced the germination, the length of the hypocotyl and the roots and the dry weight of roots of seedlings of H. vulgare and Triticum durum. The inhibitory effect was dependent on the concentration. Fresh extracts were more toxic than extracts of dry plants and extracts of the aerial part were more harmful than the roots (Qasem 1995a) .
Aqueous extracts of seeds of A. retroflexus inhibited the germination of vegetables such as L. lycopersici, C. annuum and D. carota and reduced the growth of seedlings of T. aestivum (Ognjaconvic et al. 1995) . The effect of ontogenic extract of various parts of A. retroflexus embryo at concentrations of 0-1000 ppm over the germination, growth of roots and aerial part of Setaria verticillata (hooked bristlegrass), S. alba, Phaseolus vulgaris (kidney bean) and T. aestivum showed that the inhibitory or the stimulatory effect depends on the species tested and on the extract concentration (Athanassova 1996) .
Amaranthus spinosus exhibits allelopathic effect over the growth of some cultures (Suma 1998) . Leached components of the parts of the plant inhibited the growth of seedlings of E. coracana, Cajanus cajan (pigeonpea), Trigonella foenum-graecum (sicklefruit fenugreek) and Cyamopsis tetragonoloba (guar). The maximum inhibition was caused by leached components of the leaves and the minimum by leached components from the roots. The aqueous leached components from different parts of A. spinosus of three locations in Bangalore, India, inhibited the germination and the growth of seedlings of T. foenum-graecum and C. cajan (Suma 1998) . The total phenolic acids was the highest in the leaves, followed by stems, inflorescence and the lowest in the roots. The quantity of phenolic acids was the greatest in plants growing in soils poluted with domestic, industrial and vehicle residues (Ambika and Suma 1999) . Even the soil rhizosphere collected in these regions promoted inhibitory effects in the growth of the test plants. The accumulation of root dry matter was more affected indicating lower translocation of photoassimilates to those parts.
Leucaena leucocephala (white leadtree) plant extract showed inhibitory effects over germination and initial growth of A. hybridus (Pires et al. 2001) . Extracts from the aerial part, roots and whole plant of various species of pigweed increased the germination and vigor of Arachis hypogaea (peanut) seedlings, as well as Rhizobium spp. (Glosh et al. 200 ) and did not show significant effect in Z. mays, C. cajan and S. indicum (Velu et al. 1990 ). Low concentrations of extract of the aerial part of pigweed species (A. blitoides, A. gracilis and A. retroflexus) promoted the growth of the aerial part of T. aestivum (Qasem 1995b) . Extracts of A. retroflexus increased the germination of H. annuus by 7.9% (Muminoc 1990) . The inhibitory and stimulatory effects of pigweed species are dependent on the part of the plant and on the concentration (Qasem 1995a , Qasem 1994 , Qasem 1995b , Athanassova 1996 . Residues of A. gracilis stimulated increase in plant height and in productivity of T. aestivum and H. vulgare (Qasem 1995a , Qasem 1994 , Qasem 1995b ).
Alves (Alves 1984) reported greater inhibitory allelopathic activity over the growth of seedlings of C. sativus by A. retroflexus plants than A. viridis and A. hybridus var. paniculatus. This activity was maintained when residues were incorporated in the soil, being proportional to the quantity incorporated, but loosing its effect with the progression of decomposition. The parts of the plants that showed greater inhibitory capacity were the leaves followed by inflorescence and roots. On the other hand, extrats of the plant, when sprayed over the seeds and seedlings of C. sativus, did not achieve a significant influence in the growth of the same plants.
Aqueous extracts of various species of medicinal plants significantly reduced the germination and negatively affected the length of the hypocotyl and the roots of A. retroflexus, with the level of inhibition dependent on the species (Qasem 2002) . Extracts of Alhaji maurorum, Capparis spinosa, Citrullus colocynthis, Lavanda officinalis, Origanum syriacum, Rhus coriaria, Rosmarinus officinalis and Teucrium polium were more prejudicial, completely inhibiting the germination of A. retroflexus seeds. In general, leaf extracts were inhibitorier than stems in the germination as well as in the growth, although, leaf extracts of L. officinalis stems were extremely toxic and completely inhibited the germination of A. retroflexus.
Leached components of L. officinalis and R. officinalis completely inhibited the germination of A. retroflexus, while volatilized components from these plants were extremely toxic to the weed plant (Qasem 2002) . Residues of R. officinalis plants were highly toxic to A. retroflexus plants, affecting development of the roots, with the intensity of the effect varying as a function of the concentration of the extract. On the other hand, aqueous extracts of the aerial part of C. spinosa, applied on the soil, were the most toxic, negatively affecting the germination and the growth of A. retroflexus, while extracts of L. officinalis inhibited the growth of the aerial part of the weed species.
Allelochemicals
Various allechemicals were isolated and identified in Amaranthus spp. plants. according to Suma (1998) , the principal allelochemicals present in A. spinosus are phenolic acids, alkaloids and sesquiterpene lactones. Through chromatographic separation and ultraviolet analysis, this author observed the presence of 5, 6 and 9 different phenolic acids in roots, inflorescence and leaves of this species, respectively, among them are the are acids p-hydroxybenzoic, ferulic, sinapic, salicylic, chlorogenic, gentisic, vanillic and syringic. Suma (1998) and Ambika and Suma (1999) determined that the quantity of phenolic acids produced by A. spinosus plants was not influenced by the location where the plant developed. Narwal (1994), Qasem (1995a) and Velu and Ali (1995) observed the presence of alkaloids belonging to the quinolizidine class, steroid and indol in A. spinosus. Beyond these compounds, numerous sesquiterpene lactones were found in material leached from A. spinosus.
Connick , by means of gas chromatography with mass spectometry, identified some volatile secondary metabolites with allelopathic potential in seeds, roots and stem of A. palmeri, among them are methylketones and alcohols.
Allelochemicals as potential herbicides
Increasingly, the indiscriminate use of synthetic herbicides stimulate an increase in resistance in weed plant, in environmental polution and in potential harm to the health of individuals that come in contact with these products. Thus, natural products obtained from vegetal raw-material offer a large variety of molecules with great structural diversity and biological activity. These biological activities can be express through their herbicidal insecticidal, fungicidal and/or pharmacological properties (Duke and Lyndon 1993 , Duke et al. 1998 , Ishaaya 2001 , with the liberation of the allelopathic compounds by the plants through leaching from the tissue, volatilization, exudation through the roots and decomposition from residues of the plant via physical, chemical or biological processes (Baghestani et al. 1999 , Lotina-hennsen et al. 1998 , Costa et al. 1999 , Inderjit et al. 2006 , Karban 2007 .
Plants have their own defense mechanism that act through substances that are referred to as allelochemicals, which are actually natural herbicides. The allelochemicals isolated from plants (Baldwin et al. 2006) or microoranisms are a potential source for models of new structural types of herbicides, which can be more specific, with new modes of action and greater potential than those presently used in agriculture. Thus, the use of allelochemicals as herbicides, natural or synthetic, is one of the techniques, involving allelopathy, that have been suggested for the control of weed plants (Macias et al. 1999) , herbicides with efficiency and specificity.
The reduction of environmental problems and the cost of crop protection are reflected as proprietary parameters in the improvement of food quality. In this context, there is great interest in phytochemical studies to control weed plants, through modified or synthetic natural products that show herbicidal activity and that, different from the herbicides utilized presently, do not provoke contamination of the soil, water and plants; and show low toxicity to different forms of life in the biological scale (Wright et al. 1991 , Trebs and Draber 1986 , Albores-Velasco et al. 1986 ). The synthetic herbicides have a large structural variety, with different modes of action and it is increasingly difficult to discover new molecules that serve as model for synthesis of commercial herbicides, and that are benign to other life-forms (Mizutani 1999 , Macias et al. 1999 , Reigosa and Pedro 2002 , Aliotta et al. 1994 ).
An important aspect in allelopathy research is the identification of allelochemical compounds involved in the plant-plant interactions and their possible mode of action. The isolation and the knowledge of the structure of the compounds of the plants can result in the production of semisynthetic derivatives. Thus, it is of great importance to isolate the active ingredients from the plants and quantify their concentration in the different parts of the plant or in the different types of extracts through appropriate bioassays.
Conclusions
Amaranthus spp. are plants with proven allelopathic potential, which require more studies related to the effects of their allelochemicals over cultivated plants and other weed plants. Isolation and identification of allelochemical compounds from these plants could provide means to minimize their negative effects over the cultures and potentially could provide structural models for the development of bioherbicides or semisynthetic herbicides.
